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(54) Balanced source for plasma system 

(57) A plasma system which is to be coupled to a 
power source, and plasma system (20) including a 
chamber (22,27) defining an internal cavity (25) in which 
a plasma is generated during operation; acoil (40) which 
during operation couples power from the power source 



(60) into the plasma within the chamber, the coil having 
first and second terminals (42,44); a first capacitor (C1) 
which is coupled between the first terminal and a refer- 
ence potential; and a second capacitor (C2) connected 
to the second terminal and through which the power 
source is coupled to the second terminal. 
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Description 

The invention relates to an inductively coupled or 
capacitively and inductively coupled source fora plasma 
processing system, such as, for example, a plasma 
processing system of the type used in the manufacture 
of electronic components. 

Referring to Fig. 1 , an inductive plasma source may 
consist of a single section inductor (e.g. a coil 10) within 
or adjacent to a vacuum chamber 12, which may be 
composed of dielectric, semiconducting, and/or con- 
ducting materials. Coil 10 transfers power to a gas or 
mixture of gases within vacuum chamber 12 that is held 
at a low absolute pressure, In a conventional system of 
this type, RF power is typically delivered to the coil 
through one terminal of coil 10 while the other terminal 
of coil 10 is connected through a capacitor 14 to ground. 

In the general case, power is transferred into the 
chamber via electric field and magnetic field coupling. 
A plasma of ionized gas is induced in the chamber when 
the field strength developed by coil 1 0 is sufficient to ex- 
cite many electrons beyond the ionization energy of one 
or more of the gas constituents. For an inductive plas- 
ma, the magnetic field provides the dominant mode of 
power transfer. 

The magnetic field created in coii 10 is determined 
by the current through the coil and the mechanical de- 
sign of the coil. Generally, for inductive plasma sources, 
it is desirable to achieve the maximum magnetic field 
and therefore the maximum coil current for a given input 
power level. 

Inductive sources also have an electric field (capac- 
itive) mode of coupling related to the inductor voltage, 
unless it is blocked by some mechanism such as a Far- 
aday shield. The voltage across an inductor is defined 
by the gen eral ization of Ohm's law applied to an element 
which may be considered a lumped inductance: 
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That is, the voltage across an inductance is proportional 
to the time rate of change of the current through the in- 
ductance. The constant of proportionality L is the value 
of the inductance, given in units of henries. Thus, the 
voltage gradient across an inductor is set by the me- 
chanical factors which determine the inductance, the 
rate of change of current in the coil set by the spectrum 
of the driving function, and the maximum coil current. 

Maximizing the coil magnetic field fora given power 
input depends upon two conflicting factors, namely, the 
current through the coil and the inductance of the coil. 
The inductance of a coil at a given frequency f can be 
written as follows: z=jcoL, where z is a complex imped- 
ance, 

j = (-1 ) % co = 2itf (i.e., the radian frequency of the driving 
function), and L equals inductance. Since the imped- 
ance of a coil at a particular frequency is proportional to 
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the inductance, a small inductance would maximize the 
current through the coil. However, the magnetic field in 
a coil is increased by increasing the inductance. The so- 
lution is to use the concept of circuit resonance such 
s that the coil is part of a tuned circuit with the desired 
characteristics at the frequency of interest. 

The principle of electrical resonance is based upon 
the energy storage capability of inductances and capac- 
itances. The fact that energy storage in a capacitance 
io is in an electric field, and energy storage in an induct- 
ance is in a magnetic field results in a 180° phase shift 
between voltages across each element in a series cir- 
cuit, resulting in a low impedance across the circuit at 
resonance. In a parallel circuit at resonance, the cur- 
JS rents through the elements are out of phase, resulting 
in a high impedance across the circuit. A combination 
of series and parallel elements can result in the desired 
impedance match of the source inductor to the driving 
generator for maximum current. 
20 The i nductor peak voltage re lat ive to th e p lasma po- 
tential establishes an electric field in the plasma which 
may result in the acceleration of the charged species 
a Item ate ly towa rd and way from the inductor or th e wal Is 
of the vacuum vessel. These species may impact and 
25 sputter the wail of the chamber resulting in physical 
damage in the form of pitting, which is generally referred 
to as worm-holing, reducing the life of expensive com- 
ponents. Sputtered material from the walls, or the wall 
itself, may also become involved in a chemical reaction 
30 which may influence chemical processes within the vac- 
uum vessel, producing possibly undesirable results. 

In addition, in conventionally designed systems 
there may be arcing between the high voltage terminal 
at the top of the coil and the grounded surfaces. The 
35 arcing problem may not be solvable by simply moving 
the high voltage side of the coil to the other terminal. 
That could merely move the arcing problem to the other 
end of the chamber where other ground metal surfaces 
exist close by. Moreover, such a significant alteration in 
<*o the system (i.e., moving the high voltage terminal of the 
coil antenna) may alter the process environment in an 
unpredictable and undesired way. 

Also, it may not be possible to solve the arcing prob- 
lem by simply moving the high voltage terminal farther 
45 away from the silicon plate or the other grounded con- 
ductive parts. The electric field that is created in that re- 
gion of the system is important plasma ignition. If the 
high voltage turn of the coil was moved farther away 
from the metal part, the electric field would be reduced 
50 and initiating the plasma would become more difficult. 
The invention is a plasma processing system in- 
cluding, in its simplest form, a series circuit made up of 
a first capacitor, a second capacitor, and a coil (inductor) 
used to generate an inductive plasma in a vacuum ves- 
55 sel. Theparticulartopoiogyallowsthevoltagedifference 
between each end of the inductor and the ground refer- 
ence to be shifted. If the capacitors are variable capac- 
itors, the amount of shift can be adjusted by varying the 
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values of the capacitances. If the plasma potential is ref- 
erenced to ground, the inductor voltage relative to the 
plasma potential may be controlled. 

In general, in one aspect, the invention is a plasma 
system which is coupled to a high frequency power 
source. The plasma system includes a chamber defin- 
ing an interna! cavity in which a plasma is generated dur- 
ing operation; a coil which during operation couples 
power from the power source into the plasma within the 
chamber; a first capacitor through which a first terminal 
of the coil is coupled to a reference potential; and a sec- 
ond capacitor through which a second terminal of the 
coil is coupled to the power source. 

Preferred embodiments include the following fea- 
tures. The coil is positioned outside of the internal cavity 
within the chamber. The power source operates at a fre- 
quency of f, the coil has an inductance of L when the 
plasma is present in the chamber, the first and second 
capacitors have capacitances of C1 and C2, respective- 
ly, the combination of the first and second capacitors 
and the coil forms a circuit characterized by a resonant 
frequency that is (2k)" 1 (LC)- 14 where C is equal to: 

1 

(Cr) _1 + (C2) V 

and said resonant frequency is selected to be near f. In 
addition, the chamber includes a dome made of a die- 
lectric or semiconductor material and the coil surrounds 
the outside of the dome. The plasma system further in- 
cludes a matching network connected between the pow- 
er source and the second capacitor. Also, the reference 
potential is a ground potential. Further, the second ca- 
pacitor has first and second terminals and the second 
terminal of the second capacitor is connected to the sec- 
ond terminal of the coil and the plasma system includes 
a shunt capacitor connected between the first terminal 
of the second capacitor and a second reference poten- 
tial (e.g. a ground potential). 

Also in preferred embodiments, both the values of 
the first and second capacitors are selected to satisfy 
the following relationships: 

C1= pC 
C2=(±)C 

wherein p > 1 and C = (Leo 2 )' 1 , where L is an inductance 
of the coil with a plasma present and o> is a radian fre- 
quency of the power source. Furthermore, at least one 
of the first and second capacitors is a variable capacitor. 

The invention keeps the voltage across the coil ap- 
proximately the same as compared to the conventional 
approach but it enables the user to shift that voltage rel- 
ative to ground potential. 



This has been shown to be useful in eliminating 
worm holing in the dome near the high voltage terminal 
of the coil antenna. In other words, it offers a substantial 
benefit in terms of extending the life of the quartz domes 

s that are used in etch chambers. 

It has also been found to provide an additional way 
of controlling the physical and/or chemical reactions 
within the plasma chamber and thus giving the user fur- 
ther ability to tailor the process conditions to the partic- 

10 ular needs of each application. 

The invention significantly reduces likelihood of arc- 
ing to the grounded surfaces. It also reduces the voltage 
gradient between the plasma and the coil. This results 
in less bombardment of the quartz cylinder by ions that 

is are generated during the processing. Thus, another di- 
rect benefit of the invention is a considerably longer life 
of the quartz cylinder, which can typically cost thou- 
sands of dollars. 

Olher advantages and features will become appar- 

20 ent from the following description of the preferred em- 
bodiment and from the claims. 

Fig. 1 is a schematic representation of a prior art 
plasma system; 
25 Fig. 2 is a schematic representation of a plasma 
system which embodies the invention; 
Fig. 3 is a simple series LC circuit; 
Fig. 4a is a simplified circuit diagram of an equiva- 
lent circuit of a conventional inductive source plas- 
30 ma system; 

Fig. 4b is a circuit diagram showing the capacitor 
formed by two capacitors connected in series; 
Fig. 4c is a simplified circuit diagram of an equiva- 
lent circuit of a plasma system in accordance with 
35 the invention; 

Fig. 4d is a circuit diagram showing the virtual 
grounds that are created by using two capacitors in 
a " balanced" configuration; 
Fig. 5 is a plot of simulation results for a circuit of 
40 the type shown in Fig. 4a; and 

Fig. 6 is a plot of simulation results for a circuit of 
the type shown in Fig. 4c. 

The invention will be illustrated with reference to a 
4S high density etch system, a general schematic of which 
is shown in Fig. 2. Etch system 20 includes a dome 27 
mounted onto a chamber body 22 to form a vacuum cav- 
ity 25 for holding a vacuum and in which a plasma may 
be generated. Dome 27 includes a cylindrical body 26 
so and a top plate 28. Cylindrical body 26 is typically made 
of quartz or some other dielectric or semiconductor ma- 
terial, which permits transmission of energy into the 
chamber. Top plate 28 is made of metal or semiconduc- 
tor, e.g. aluminum or silicon, depending upon the type 
55 of process that will be performed in the system, although 
in some situations a dielectric is used for plate 28. 

Within cavity 25, there is a pedestal 30 which can 
be raised and lowered by a lift mechanism 32 located 



30 



40 



50 



5 



EP 0 810 816 A1 



beneath the chamber body. A substrate 34 (e.g. semi- 
conductor wafer), which is to be etched, rests on top of 
pedestal 30. 

There are, of course, many other components with- 
in the plasma system most of which are not shown in 
Fig. 2. For example, there is a vacuum pump for evac- 
uating the chamber which is illustrated diagrammatically 
at 35, and also sources of process gas, mass flow con- 
trollers, and programmable control circuitry, none of 
which are specifically shown. Those components are 
however well known to persons skilled in the art and 
need not be described here. It should be assumed, how- 
ever, that such components as would produce a com- 
plete working system are present. 

Surrounding the outside of cylindrical body 26 is a 
coil 40 which has at least two terminals, namely, an up- 
per terminal 42 and a lower terminal 44. Coil 40 rests 
within grooves 46 that are formed in a cylindrical dielec- 
tric sleeve 48 which also surrounds cylindrical body 26. 
Grooves 46 mechanically support the turns of coil 40 
and prevent them from moving relative to the plasma. 
Dielectric sleeve 48 also prevents arcing from occurring 
between turns of the coil 40. In the described embodi- 
ment, dielectric sleeve 48 is made of alumina or Al 2 0 3 . 

It should be understood that coil is meant to encom- 
pass both lumped and distributed structures some of 
which might also be considered to be an antenna. 

Near the bottom of dielectric sleeve 48, there is a 
heater 50 which is used during processing to indirectly 
heat the wall of cylindrical body 26 to an elevated tem- 
perature. 

An RF generator 60 with a 50 ohms output imped- 
ance supplies RF power at MHz frequencies (e.g. 2 
MHz) to coil 40 to initiate and maintain a plasma within 
the chamber during processing. RF generator 60 is con- 
nected through a coaxial RF cable 62 to an RF detector 
circuit 64 and an RF match section 66, both of which are 
typically mounted close to the chamber. The character- 
istic impedance of the coaxial cable 62 is also 50 ohms 
to match the output impedance of RF generator 60. 

In general, RF match section 66 includes one or 
more variable reactive elements (e.g. inductors or ca- 
pacitors) by which the impedance of the RF match sec- 
tion can be adjusted to achieve a match condition be- 
tween RF cable 62 and coil 40 to thereby maximize the 
RF power that is delivered to the plasma within the 
chamber. RF detector circuit 64 monitors the power 
transfer into the coil 40 and generates therefrom control 
signals which adjust the values of the variable reactance 
elements within RF match section 66 to achieve and 
maintain a match condition. 

The design and construction of both matching cir- 
cuits and detector circuits are well known to persons 
skilled in the art. For example, Collins et al. describe a 
suitable match circuit in U.S. 5,187,454 and a suitable 
detector circuit in U.S. 5,392,018. 

In accordance with one aspect of the invention, the 
RF signal is supplied to one terminal of coil 40 through 



a capacitor C1 , while the other terminal of coil 40 is con- 
nected through a second capacitor C2 1o a reference 
potential (e.g. ground), completing the electrical circuit. 
In the described embodiment, RF power is delivered 

£ through lowerterminal 44 while upperterminal 42 is cou- 
pled to ground through capacitor C2. 

Optionally, there is also a shunt capacitor Cs on the 
source side of the circuit, e.g. connected between the 
input side of capacitor C1 and ground. Shunt capacitor 

10 Cs, which in the described embodiment has a value of 
about 2000 pf, sets the impedance of the mismatched 
line and it acts to shift the impedance of coil 40 as seen 
by RF match circuit 66. Shunt capacitor Cs is chosen to 
reduce the mismatch. 

15 By using series capacitors at both ends of the an- 
tenna (i.e., C1 and C2), instead of the single series ca- 
pacitor at one end as is done in conventional systems, 
we are able to shift the maximum coil voltage relative to 
ground by an amount determined by the values of the 

20 capacitors that are used. Thus, we are able to reduce 
the voltage difference that occurs between ground and 
the high voltage side of antenna. One consequence of 
this is that it significantly reduces or eliminates the arc- 
ing problems that tend to occur at that location. In addi- 

25 tion, if the capacitors are variable capacitors, wc have 
the ability to control the size of the voltage shift and to 
thereby fine tune the electric fields and processing con- 
ditions within the chamber. 

A more detailed explanation of the role of the two 

30 series capacitors C1 and C2 follows. 

First we will provide some preliminary analysis of a 
series resonant circuit. Perhaps the simplest illustration 
of a series resonant circuit is an inductance L in series 
with a capacitance C driven by a power source 31, as 

35 shown in Fig. 3. It is, of course, assumed that power 
source 31 includes a power generator connected to an 
impedance matching network. For clarity, we have also 
labeled the nodes as node 32, which is the driven node, 
and as node 35, which is the node that is shared by in- 

40 ductor L and capacitor C. If resistance is ignored, the 
circuit is resonant at the frequency f for which the com- 
plex impedances sum to zero: 

where oa=2jif ; 

so f=—±= (3) 

2njLC 

The voltage drop across the capacitor is given by: 

V= (±)J i (f) dt (4) 
For a single radian frequency co in the steady state and 
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assuming that i(t) = I sin(cot), this becomes; 

y o =-(^)cos(<of) 
The voltage across the inductor is given by: 

For a single frequency, this becomes: 
V L = (feci) cos (coO 



Thus, the two voltages are opposite in sign. 
Substituting coL=1/coC, it is clear that the voltages are 
also equal in magnitude. Therefore, the voltage drops 
across the capacifance and inductance taken together 
add to zero, though the individual voltage drops across 
each element are not zero. In other words, in the ideal 
case, at series resonance, there is a virtual short across 
the resonant circuit. 

If one terminal of one of the elements is grounded, 
the voltage to ground at node 35, i.e., the node that is 
common to both inductor L and capacitor C, is given by 
the voltage across the grounded element. If we assume 
that one of the capacitor terminals is grounded, and the 
inductor terminal is driven, as shown in Fig. 4a, then, 
the voltage relative to ground at node 35 is given by: 



:^«.(«o 



(8) 



Its peak values are + l/coC. 

As shown in Fig. 4b, we can separate capacitance 
C into two series capacitances, C1 and C2, not neces- 
sarily equal, but with net series capacitance equal to the 
original C. Since the overall impedances do not change, 
Ihere is no effect at driven node 32 nor at the other in- 
ductor node 35. A fraction of the total voltage drop 
across the original capacitor will be taken across each 
of the two capacitors, C1 and C2. 

If the capacitor impedances are given by: 



C1 = pC 



(10) 

(11) 



where p is a real number greater than 1 . 

Therefore, the voltages across the capacitors be- 
come: 



(12) 
(13) 



:(f>< 



For linear circuits, the order of elements in a series 
network may be changed without affecting the voltage 
or current at the input to the network. Thus, we can 

20 change the circuit so that C1 is at the input, Lis the mid- 
dle component, and C2 is at the output, in the original 
position of C (see Fig. 4c). Note that the nodes have 
been relabeled: node 41 is the driven node to which C1 
is connected, node 43 is common to both C1 and L, and 

25 node 45 is common to both L and C2. 

The voltage relative to ground across C2, at node 
45, is now: 



This voltage is lower than the voltage at node 35 of the 
original circuit (see Fig. 4a) by some fraction that is de- 
pendent upon p. 

Notice, however, that the voltage across the coil re- 
mains: 



= (foL)cos(cof) 



(15) 



(9a) 



The voltage (relative to ground) at the input to the coil, 
i.e., node 43, is now V L + V C2: a net voltage that is higher 
than the original node 32 voltage but less than the orig- 
inal node 35 voltage (see Fig. 4a). The vollage across 
45 C1 is given by: 

V c1 = ub(-~)cos(<»t) (16) 



It can be shown that the relationship between the origi- 
nal capacitance and the two equivalent series capaci- 
tances is given by: 



Thus, as is expected, the voltages across the three el- 
ements add to a net zero voltage at node 41. But the 
voltage to ground at nodes 43 and 45 of the circuit of 
Fig. 4c are less than the voltage to ground at node 35 
of the original circuit. 

If p is 2, then the voltages at nodes 43 and 45 are 
equal and opposite, i.e., they are "balanced" evenly with 
respect to ground, thereby creating a virtual ground at 
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the middle of the inductor (see Fig. 4d). 

Other values of p will produce an uneven voltage 
"balance" and the virtual ground will not be at the middle 
of the inductor. This situation is analogous to the me- 
chanical system of two weights, one at each end of a 
beam, which is set on a fulcrum. The balance point along 
the beam changes if one of the weights is changed. 

The principles illustrated in the simplified explana- 
tion above are qualitatively correct even if the series 
equivalent impedance is not zero, and even if the circuit 
is near, but not at resonance. By "near", we mean that 
the input impedance of the series LC circuit exhibits a 
series equivalent impedance at co with a phase angle 
that satisfies the following relationship: -89° < $ < +89°. 

Figs. 5 and 6, which plot simulation results, show a 
comparison of the simple LC circuit and the balanced 
circuit when a 50 ohm constant impedance source is 
used. The circuit which was simulated is shown in the 
inset of each of the figures and the nodes are identified. 
In the case of Fig. 5, which is the simple circuit of Fig. 
4a, the values for the elements were as follows: 

C = 474 picofarads 

L = 17 jihenries. 
In the case of Fig. 6, which is the balanced circuit of Fig. 
4c, the values for the elements were as follows: 

C1 = 1000 picofarads 

C2 = 900 picofarads 

L= 17 jihenries. 
In Figs. 5 and 6, the curves are plotted as a function of 
the frequency of the RF signal. In Fig. 5: 

o curve 100 is a plot of l L , the peak current through 
the coil; 

o cuive 102 is a plot of V(2)/100, the peak voltage at 

the driven node 2; 
o curve 1 04 is V{1 )/1 00, the peak voltage at shared 

node 1 (i.e., at the other end of the coil); and 
o curve 1 06 is a plot of the peak value of {V(2)-V(1 )} 

/1 00, the peak voltage difference across the coil. 

In Fig. 6: 

o curve 200 is a plot of l L , the peak current through 
the coil; 

o curve 202 is a plot of V(3)/1 00, the peak voltage at 

the driven node 2; 
o curve 204 is a plot of V(2)/100, the peak voltage at 

shared node 2; 
o curve 206 is V(1 }/1 00, the peak voltage at shared 

node 1 (i.e., at the other end of the coil); and 
o curve 208 is a plot of the peak value of {V{2)-V(1 )} 

/100, the peak voltage difference across the coil. 

Notice that the peak voltage across the coil remains the 
same for both circuits (compare curves 106 and 208) 
and the peak voltage at the drive node remains substan- 
tially the same (compare curves 1 02 and 202). However, 
note that in the case of the two capacitors, the peak volt- 



ages at both the input and output terminals of the coil 
are about one half the peak voltage observed at the 
shared node 1 in the circuit using the single capacitor. 
In an inductive source, the plasma load impedance, 
5 which is a complex value, is reflected into the coil im- 
pedance. Another resistive term exists due to the resist- 
ance of the coil. In the real situation, currents and volt- 
ages do not peak at the same frequency, and voltages 
do not cancel. The output impedance of the source and 
to matching network will also influence the voltages and 
currents. It is usually desirabletodesign the driving point 
node impedance such that a conjugate impedance 
match to the power source is possible using matching 
elements of practical size and loss. Since the inductor 
is impedance is not generally known in advance, and is 
function of non-linear plasma conditions, the optimum 
values for C1 and C2 will generally be determined em- 
pirically from voltage measurements and design con- 
straints. The approach may also be applied in the case 
20 of an inductor which acts as a distributed impedance, 
such as a coil or an antenna near self-resonance. 

How the specific values of capacitors C1 and C2 
are selected depends upon one's objectives, if the ob- 
jective is to reduce the ion bombardment of the inside 
25 of the quartz dome, then the voltages on the coil antenna 
should be balanced so that a virtual ground exists at its 
midpoint. This would minimize the maximum voltage dif- 
ference between the coil and the plasma. 

The values of capacitors C1 and C2 will, of course, 
30 depend upon the impedance of the coil antenna. The 
circuit must operate close enough to series resonance 
to achieve high current and high voltage at the coil. In 
the real world, the acceptable value of the net series 
capacitance tends to lie in a fairly narrow range of val- 
35 ues. Typically, however, the ideal capacitor value for the 
single capacitor case cannot be used as the value for 
the two series capacitors. Lowering the voltage of the 
inductor relative to the plasma changes the inductive 
coupling to the plasma and thus the optimum value of 
40 the net capacitance in the series LC circuit which pro- 
duces resonance. In addition, because system charac- 
teristics vary slightly from one system to another, it is 
typically desirable to find by empirical means the opti- 
mum value of the net series capacitance for each sys- 
45 tern individually. Generally this can be done by first com- 
puting a starting value and then adjusting it to arrive at 
a value at which it is possible to initiate a plasma. 

The empirical techniques for determining the opti- 
mum values of C1 and C2 are well known in the art. In 
50 general, variable capacitors are used (e.g. each variable 
capacitor may be implemented as a capacitor bank with 
both variable and fixed capacitors) and they are tuned 
to values expected to produce a tuned circuit at the op- 
erating frequency. The user then tries to initiate a plas- 
ms ma. The capacitor values are then readjusted until the 
attempts to ignite the plasma are successful. Once the 
plasma is initiated, of course, the matching circuit takes 
over and adjusts the system to resonance. Once the ca- 
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pacitor values are selected, they typically need not be 
changed. The values may be further adjusted to yield 
desired process results. 

Another approach is to use low RF power, i.e., in- 
sufficient to initiate plasma, and then adjust the values 
of the capacitors to produce minimum reflected power 
from the chamber. 

It should be understood that the invention can be 
used with any plasma system which uses a coil antenna 
or another type of antenna to couple power into the plas- 
ma. In addition, if a coil antenna is used, it need not be 
wound around the chamber as shown in Fig. 2. Instead, 
it could be positioned adjacent to a dielectric or semi- 
conductor window into the chamber. Indeed, it could al- 
so be located within the chamber where it would achieve 
greater coupling to the plasma. Furthermore, the inven- 
tion is not limited to using lumped coil or antenna ele- 
ments. For example, it can be applied to a coil where its 
distributed aspects are important (e.g. where one might 
get a transmission line mode of operation). Also the ca- 
pacitors may be lumped elements or distributed ele- 
ments of equivalent impedance. 

Though the operating frequencies of the described 
embodiment was described as being in the MHz range 
(e.g. 1-2 MHz), the invention can of course be used at 
other frequencies both below and above that range (e. 
g. microwave frequencies). 

Also it should be understood that the invention can 
be used when coupling to a plasma through dielectric 
materials or semiconductors materials and it is inde- 
pendent of the form of the source. That is, implementa- 
tions can include flat spiral coils, ribbon or "s" coils, helix 
coils, classical cylindrical coils, conical and spherical 
coils, bodies of rotation, multiple coils and elements, and 
straight elements, just to name some examples. 

Other embodiments are within the following claims. 



Claims 

1. A plasma system which is coupled to a high fre- 
quency power source, said plasma system compris- 
ing: 

a chamber defining an internal cavity in which 
a plasma is generated during operation; 
a coil which during operation couples power 
from the power source into the plasma within 
the chamber, said coil having first and second 
terminals; 

a first capacitor, wherein said first terminal is 
coupled to a reference potential through said 
first capacitor; and 

a second capacitor, wherein said second termi- 
nal is coupled to the power source through said 
second capacitor. 



positioned outside of the internal cavity within the 
chamber. 

3. The plasma system of claim 1 wherein the power 
5 source operates at a frequency of f, wherein said 
coil has an inductance of L when the plasma is 
present in the chamber, wherein said first and sec- 
ond capacitors have capacitances of C1 and C2, 
respectively, wherein the combination of the first 
to and second capacitors and the coil forms a circuit 
characterized by a resonant frequency that is (2jc)" 1 
(LC)-^ where C is equal to: 



16 :i ^' 

(Cf) 1 + {C2V 

and wherein said resonant frequency is selected to 
be near f. 

so 

4. The plasma system of claim 3 wherein said cham- 
ber comprises a dome made of a dielectric material 
and wherein the coil surrounds the outside of the 
dome. 

25 

5. The plasma system of claim 3 wherein said cham- 
ber comprises a dome made of a semiconductor 
material and wherein the coil surrounds the outside 
of the dome. 

30 

6. The plasma system of claim 3 further comprising a 
matching network connected between the power 
source and the second capacitor, the power from 
said power source passing through the matching 

35 network and through the second capacitor into the 
coil. 

7. The plasma system of claim 3 wherein the reference 
potential is a ground potential. 

40 

8. The plasma system of claim 3 wherein the second 
capacitor has first and second terminals and where- 
in said second terminal of the second capacitor is 
connected to the second terminal of the coil and 

45 wherein said plasma system further comprises a 
shunt capacitor connected between the first termi- 
nal of the second capacitor and a second reference 
potential. 

so 9. The plasma system of claim 8 wherein the second 
reference potential is a ground potential. 

1 0. The plasma system of claim 1 wherein both the val- 
ues of the first and second capacitors are selected 
55 to satisfy the following relationships: 



2. The plasma system of claim 1 wherein the coil is 



CI = pC 



13 
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C2=(±)C 

wherein p > 1 and C = (Leo 2 )- 1 , where L is an induct- 
ance of the coil with a plasma present and to is a s 
radian frequency of the power source. 

11. The plasma system of claim 3 wherein at least one 
of said first and second capacitors is a variable ca- 
pacitor. 10 

12. The plasma system of claim 10 wherein both the 
first and second capacitors are variable capacitors 
and wherein their values are adjusted to satisfy the 
following relationships: 15 



wherein p > 1 and C = (Lw 2 )- 1 , where L is an induct- 
ance of the coil with a plasma present and co is a 
radian frequency of the power source. 
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